The prevalence and severity of myopia, which may affect normal ocular growth, appear to be on an upward trend in Taiwan. We reviewed those studies conducted in Taiwan, which had recorded biometric ocular length data, to find the trends in ocular development and possible factors changing the ocular development in Taiwan. The mean axial length of the emmetropic eye starts from 22.8 mm for boys and 22.5 mm for girls at the age of 7 years to 23.27 mm and 22.94 mm, respectively, at the age of 15 years. The mean axial length for boys (23.34 ± 0.84 mm) is longer than for girls (22.88 ± 0.76 mm). We found the axial length to be around 23.3 mm in males and 22.9 mm in females after the age of 20 years. Thus, we thought that the eye growth of emmetropization would reach the adolescent size around the age of 9 years in Taiwanese schoolchildren. Meanwhile, the anterior chamber depth (ACD) became shallower, and the lens became thicker with age in both males and females after 20 years. From the survey of schoolchildren in 1993, 1995, and 2000, the axial length gradually increased with age and thus the severity of myopia for boys and girls. At the age of 8 years, when the mean refractive index started to become myopic, it was 22.86 mm in girls and 23.38 mm in boys. The mean axial length further increased to 24.97 mm in girls and 25.26 mm in boys at the age of 18 years. Females still have higher myopic refraction than males. The survey found that the relation between myopic refractive status and axial length was Y = 24.0 mm −0.37 × D (r = − 085). This means for myopia increasing every one diopter, axial length will increase 0.37 mm. The ACD increased slightly with age and so the severity of myopia for boys and girls. In contrast, lens thickness decreased from the age of 7 to 11 and then remained unchanged until age 15. However, lens thickness increased after the age of 15. The axial length gradually decreased with age, thus decreased with the myopic refraction after the age of 20 years. After the fifth decade, the ocular refraction became hyperopic. This may indicate that myopia was not a frequent problem 30 years ago. However, the refractive status of the seventh decade showed up as less hyperopic but the axial length was shorter than in the sixth decade. We thought that this might be due to the formation of cataract, which may induce more myopic refraction. Scleral buckling surgery may induce the change in ocular contour and lead to more myopic refraction and longer axial length. Axial length longer than 29.0 mm was a risk factor for early myopic maculopathy (lacquer crack). The size of the disc crescent was also correlated with increase in axial length and refractive error. We concluded that the mean axial length of the emmetropic eye was around 23.3 mm in males and 22.9 mm in
Introduction
Today, the prevalence and severity of myopia appear to be on an upward trend in Taiwan. This is true elsewhere also, especially in Asia [1] [2] [3] [4] . In Asia, there is currently a high prevalence of myopia, especially among the Chinese [1, 2] and Japanese [3, 4] . Myopia may not be a substantial community problem in many countries, and interestingly, myopia also was not a substantial problem in Taiwan some 40 years ago. In 1959, Ko et al [5] reviewed the ocular refraction levels among 621 primary schoolchildren in Taipei city and found that 40.74% had hyperopia, 54.27% had emmetropia, and only 5.31% appeared to be myopic. Interestingly, the prevalence of myopia was 3.65% at the age of 7; this level rose to 10% at the age of 12, and the myopic rate at the age of 15, on completion of compulsory education, was noted to be 16.67% [6] . In 1980 [7] , the prevalence of myopia among 621 primary schoolchildren aged 6-12 years in Taipei city was reported to be 20.8%. And the prevalence of myopia was observed to be 5.0% at the age of 7, and 35.1% at the age of 12. By 1983 [8] , it appeared to have risen to a figure of 22.2%, only to be surpassed by an even greater rate (36.2%) in 1986 [9] . In our previous studies, in order to look at the changing trends in myopia over the past 20 years in Taiwan, five separate nationwide surveys on ocular refraction level among schoolchildren were performed in 1983 [10] , 1986 [9] , 1990 [11] , 1995 [12] , and 2000 [13] . While reviewing the five nationwide myopia surveys, we found that the mean prevalence of myopia among 7-year-olds increased from 5.8% in 1983 to 21% in 2000. At the age of 12, the prevalence of myopia was 36.7% in 1983, increasing to 61% in 2000; corresponding figures for 15-year-olds were 64.2% and 81%, respectively. The prevalence of myopia increased from 74% in 1983 to 84% in 2000 for children aged between 16 and 18 years.
Myopia is that form of refractive error wherein parallel rays of light come to a focus in front of the retina when the eye is at rest. There are several possible causes of myopia such as: (1) curvature myopia may be associated with an increase in the curvature of the cornea or one or both surfaces of the lens; (2) increase in lenticular curvature; (3) increased refractive index of lens nucleus or decreased refractive index of the cortex. In the great majority of cases, myopia is axial, that is due to an increase in the anteroposterior diameter of the eye. However, previous reports from studies conducted in Taiwan have often failed to provide or discuss the data regarding biometric ocular length. Therefore, we reviewed those studies conducted in Taiwan with available data on biometric ocular length to find the trends in ocular development and possible factors changing the ocular development in Taiwan.
Emmetropization (Normal Ocular Length)
A study of ocular components of emmetropic eyes in schoolchildren was performed in two elementary schools and one junior high school in Taipei city [14] (Fig. 1) . The mean axial length was 22.8 mm in boys and 22.48 mm in girls at the age of 7 years to 23.27 mm and 22.94 mm, respectively at the age of 15 years. The mean axial length in boys (23.34 ± 0.84 mm) was longer than in girls (22.88 ± 0.76 mm). The mean axial length of the emmetropic eye in senior high schoolchildren (age 16-18 years) was studied in two senior high schools in Taipei city [15] (Fig. 1) . Here also, the mean axial length in boys (23.92 ± 0.75mm) was longer than in girls (23.11 ± 0.72 mm).
In the study of ocular refraction among freshmen in National Taiwan University [16] , the mean axial length of the emmetropic eye in males was 23.8 ± 0.8 mm, and in females was 23.3 ± 0.7 mm. They found that the relation between myopic refractive status and axial length was Y = 23.72 mm −0.39 × D (r = −078), meaning that if axial length increased 1 mm, myopic refraction will increase 2.5 D.
The biometric ocular lengths of emmetropic eyes after the age of 20 years [17] are shown in Table 1 . We found that axial length was around 23.3 mm in males and 22.9 mm in females after the age of 20 years. Thus, we thought that the eye growth of emmetropization would reach the adolescent size around the age of 9 in Taiwanese schoolchildren. Anterior chamber depth (ACD) became shallower with age in both males and females after 20 years of age. In contrast, the lens became thicker with age in both males and females. We doubt that the aging effect could be due to decrease in accommodative power or cataract formation. The distribution of axial length among emmetropic eyes is shown in Table 2 . We found that most of the emmetropic eyes' axial length was around 22-24 mm.
Myopic Axial Elongation
The prevalence of myopia from 1983 to 2000 would appear to have progressively increased from one study to the next. At the primary school level, for participants aged 7 years, the prevalence of myopia varied from 5.8% in 1983 [10] , 3.0% in 1986 [9] , 6.6% in 1990 [11] , 12.0% in 1995 [12] , to 20% in 2000 [13] . For children who were aged 12 years, the corresponding values were 36.7%, 27.5%, 35.2%, 55.5%, and 61%, respectively. At the junior high school level, the myopic rates at the age of 15 years were 64.2%, 61.6%, 74%, 76%, and 81%, respectively. At the senior high school level, the myopic rate appeared to remain relatively unchanged (around 74%) from the age of 16 to 18 years for the 1983 and 1986 studies, and was very similar for the 1990 study (around 75%); the prevalence then appeared to increase to a level of 84% for both the 1995 and 2000 studies. This high myopic rate will change the pattern of biometric ocular length in Taiwan.
Studies of Ocular Biometry in Taiwan
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From the studies in 1993 [18] , 1995 [12] , and 2000 [13] , we found that the mean refractive status became myopic at age 12 in 1993, at age 9 in 1995, and at age 8 in 2000 (Table 3 ). Thereafter, myopia increased with age. The ocular biometric length also changed with the progression of myopia. ACD increased slightly with age and the severity of myopia for boys and girls. The mean ACD at the age of 7 was around 3.45 mm in girls and 3.54 mm in boys, and ACD continued to increase with age and the progression of myopia (Figs. 2 and 3) . The mean ACD at the age of 15 was 3.75 mm in girls and 3.80 mm in boys. Then, it remained stable from the age of 15 to 18. The mean ACD in boys was slightly greater than that in girls.
In contrast, lens thickness decreased from the age of 7 to 11. At the age of 7, it was 3.57 mm in girls and 3.55 mm in boys. Thereafter, lens thickness continued to decrease with increasing age and severity of myopia from age 8 to 11, and then [19] , mean myopic refraction decreasing with age was found in both females and males (Table 4) . Females still have higher myopic refraction than males. After the fifth decade, the refraction became hyperopic in both males and females. This may indicate that myopia is not pervasive and was not a problem 30 years ago.
The axial length gradually decreased with age, thus decreasing with myopic refraction (Fig. 8) . However, the refractive status in the seventh decade showed less hyperopia than in the sixth decade, but the axial length was shorter. We thought that this might have been due to the formation of cataract which may induce more myopic refraction. From Table 5 , we found that the younger generation of age less than 45 years was more myopic and had longer axial length, and the older generation more than 45 years old was emmetropic or hyperopic. However, ACD decreased with age; in contrast, lens thickness increased with age. We thought that this may have been caused by the sclerosis of the lens with the aging process. 
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Longitudinal Study of Myopic Axial Elongation
From three longitudinal studies conducted in Taiwanese schoolchildren [20, 21] , we found that the mean refractive status shifted from hyperopia to emmetropia at the age of 9. Thereafter, the myopia started to progress at the age of 10, initially progressing slowly around −0.3 D per year, then faster at around −0.5 D per year (Table 6 ). The axial length gradually increased with age and thus the severity of myopia increased with age for boys and girls (Fig. 9) .
In a 5-year longitudinal study of ocular refraction and its components among medical students [22] , we found that myopic rate increased from 92.8% to 95.8%; 21 new cases of myopia developed in the 5 years. The mean refractive error significantly increased from −4.26 ± 2.676 D in freshmen to −4.94 ± 2.70 D in clerks. The main change in ocular components was in axial length, which increased from 25.54 mm to 26.05 mm in males and from 24.60 mm to 24.95 mm in females. Other optical components -including corneal curvature, ACD, lens thickness -all remained relatively unchanged from initial values. In another longitudinal study of refractive status among students in Mackay Memorial Nursing School [23] , the authors noted that higher myopic refraction increases and longer axial elongation had a potency to have higher intraocular pressure.
Other Studies on Ocular Axial Length
In the 1983 study [24] , they collected 62 high myopic (≥ −8.0 D) patients (mean age 27.7 ± 12. This means for an increase in myopia of every one diopter, axial length increased 0.37 mm.
In several studies on the influence of the education factor on myopia [15] , they found the mean refractive status was more myopic and axial length was longer in public senior high school than vocational senior high school. Females had higher myopic refraction than males (Table 7 ). However, males had longer axial length than females (Table 8 ).
In the study of ocular refraction among freshmen in National Taiwan University [16] , they found that the myopic rate in males was 92.4% and females was 93.5%, although the mean refractive status in males (−4.1 ± 2.7 D) was higher than in females (−4.4 ± 2.8 D). However, the mean axial length in males (25.37 ± 3.67 mm) was longer than in females (24.68 ± 1.22 mm). In the study of refractive statuses of medical students [25] , they found that the myopic rate was 91.15% and mean refraction was −4.37 ± 2.91D. Males (−4.39 ± 2.88 D) had higher myopia than females (−4.15 ± 3.13D), and males (25.5 ± 1.34 mm) had longer axial length than females (24.6 ± 1.38 mm) as well. The mean axial length was 24.6 ± 1.4 mm. Only 4.95% of them belonged to emmetropic axial length (less than 23 mm).
Scleral buckling surgery may induce a change in ocular contour and lead to a change in refractive status and axial length. In several studies to compare the change of pre-and postoperative refraction and axial length, all suggested that axial length elongation and myopic change are significant following encircling procedures. In one study [26] , they found that these effects were greater in scleral implant surgery than explant ones. Shallow ACD and flatter corneal curvature were also noted but were insignificant. However, corneal astigmatism increased in both implant and explant surgeries. In another study [27] , they compared scleral buckling and pars plana vitrectomy procedures and found that only the scleral buckling procedure caused significant elongation of axial length and myopic shift, while pars plana vitrectomy did not affect the biometric changes. In the 1998 study [28] , they found in all cases after scleral buckling an average increase in axial length of 0.41 mm and myopic shift of −0.32D. In the encircling buckling group, there was an increase of 0.74 mm axial length and −2.79 D myopic shift. In the nonencircling buckling group, there was only 0.14 mm increase in axial length and −0.09 D in refractive changes. The authors concluded that eyes undergoing the encircling buckling procedure would have greater elongation of axial length and greater myopic shift. Myopic maculopathy is one of the major complications in high myopia that can cause blindness. In the 1995 study [29] , the authors noted that refractive status over −15.0 D and axial length longer than 29.0 mm are two risk factors for early myopic maculopathy (lacquer crack). Aging is another factor for the progression of maculopathy. Optic disc crescent formation was suggested to be an early sign of degeneration of the posterior pole. The study [30] found that the size of the disc crescent was correlated with increase in axial length and refractive error. The incidence of disc crescent greater than one disc diameter was higher in cases with axial length longer than 29.0 mm. Therefore, the size of the disc crescent could be one of the factors for predicting the possibility of myopic maculopathy.
